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Abstract 
The progression of myopia has been a topic of many previous studies. One such 
study, by Dennehy and Heetland was designed to track and analyze myopic progression in 
the pre-presbyopic adult years and compare differences between two different categories: 
the first being general population 20-30 age range vs. general population 30-40 age range, 
and the second male vs. females. Dennehy and Heetland found the progression of myopia 
is not statistically significant to the 0.05 level in both cases even though there was a 
significant increase in myopia. The current study is a follow up to the Dennehy and 
Heetland study and is a retrospective study that used 49 records from clinics in the 
Portland metro area affiliated with the Pacific University College of Optometry. 
Introduction 
Optometrists are often asked, "Is my prescription going to change over timeT 
For most age groups, there is extensive research available to help answer this question. 
However, for those patients ages 20-40, there is relatively little documented information. 
Refractive error in the 20-40 age group has historically been assumed to be the most 
stable period of any in life (Fledelius 1995; Goss 1985). However, with today's computer 
and near-point oriented lifestyle, some have suggested a near-point stress induced trend 
towards increasing myopia in the third and fourth decade of life. A study of myopic 
trends in 20-40 year-olds does indeed suggest a possible myopic shift in this age group, 
but failed to address the need to isolate factors such as race, occupation, level of 
education. This paper will focus on refractive tendencies between age 20 and 40 as 
related to the individual's level of education. 
Grosvenor suggested four different types of myopia according to the age of onset 
and proposed etiology (Figure 1). The refractive tendencies for congenital, youth, and 
Figure 1- Grosvenor's Myopia Classifications (1987) 
Type of Myopia Onset Suggested Etiology 
Congenital Born with myopia Prematurity 
Youth Onset from age 6-teens Mixed* 
Adult Age20-40 Mixed* 
Late Adult After Age40 Cataracts 
*Involves genetic predisposition, race, near work, educatiOnal level, sex, etc. 
adult myopia are well established. Glasscock and Cook (1951) presented the well-
accepted notion that most neonates are hyperopes, with an average refractive error of 2.07 
D hyperopia. Only 25% of all neonates examined were myopic. From birth to age 6, a 
shift toward emmetropia occurs, as fewer myopes are found and the mean refractive error 
decreases to 1.06 D hyperopia, as shown by Kempf and Collins (1928) with prevalence of 
myopia at about 1% at age 6. From age 6 to the adolescent years, a myopic shift occurs, 
peaking around puberty (Hirsch, 1963). The average change in refractive error during 
these years is suggested to be approximately 0.4 D/year (Goss and Cox 1985). The 
amount varies with gender, in that girls experience the shift prior to and quicker than boys 
becoming more myopic and stabilizing at an earlier age (Braun et al, 1996; Parssinen and 
Lyyra, 1993). Grosvenor (1988) showed that the prevalence of myopia shifts from 2% at 
age 6 to 20% at age 20. One widely accepted refractive pattern is that the earlier the age 
of onset of myopia, the greater the end-point myopic amplitude (Braun et al,l996; Goss et 
al,1985; Parssinen and Lyyra,1993). 
There are studies that show a suggested myopic progression from age 20-40 and 
that show a correlation between myopia and education level, but very few that combine 
both. Grosvenor (1988) indicated that prevalence of myopia does increase from 20% at 
age 20 to 30% at age 30. Fledelius (1988) showed that 25-30% of all adult myopia is of 
the "adult-onset" type. Fledelius' number is much higher than previously suggested, and 
may be a result of increasing near-point demand on adults in our society. Rosner and 
Belkin (1987) found in a large-scale study that increased education level and intelligence 
correlate well with increased myopia. Septon (1984) found the prevalence of myopia in 
graduate optometry students to be 75% as compared to a national average of 25% in the 
same age range (National Health and Nutrition Study, 1972). However, these studies do 
not connect the chronology of the progression of the myopia with the individual's level of 
education. Was a myopic person from youth simply more likely to succeed in school or 
did the advanced education contribute to increased myopia? Which carne first - the 
chicken or the egg? 
Environmental factors have been implicated numerous times in the progression of 
myopia, especially in younger individuals. Martin Birnbaum (1993) presents his near 
point stress theory of accommodation and myopic progression, indicating that 
environmental factors such as extensive near-point work cause stress to the 
accommodative and visual system. As an adaptation to this near-point stress, the eye 
becomes more myopic over time to reduce accommodative demand. This notion is 
supported by many studies. In Alaska, it was shown that 70% of native youngsters age 6-
25 were myopic as opposed to 14% in those older than 26. Indicating that the recent 
increase of near-point activities performed by native Alaskans has contributed to the 
increased prevelance of myopia (1969). Also, smaller myopic shifts are seen in those 
individuals involved in sports and outdoor activities as opposed to habitual near-point 
activities (Parssinen and Lyyra, 1993) 
The mechanism associated with myopic development is poorly understood. Are 
I 
myopic changes more associated with steepening of the cornea, elongation of the globe, 
or both? The consensus seems to support the theory of axial elongation (Fledelius, 1995; 
Grosvenor and Scott, 1993; McBrien and Adams, 1997; Simensen and Thorud, 1994). 
However, Goss et al (1985) dispute the notion of a myopic shift from 20-25 years, and 
claims myopic shifts are primarily a result of corneal steepening. Corneal steepening is 
the theory supported by those who advocate the use of rigid gas permeable (RGP) lenses 
to slow corneal steepening and consequently slow myopic progression. This concept is 
well supported with studies (Grosvenor et al, 1991; Perrigin et al, 1990), but is not 
accepted by many practicing O.D.'s (Kerns, 1981). Even those that advocate the use of 
RGP's in slowing myopic progression acknowledge that one plus one isn't always two as 
the keratometry changes rarely correlate perfectly with refractive changes, implicating 
other unknown variables in the process. 
The purpose of this study is to further the study by Dennehy and Heetland to 
attempt to isolate educational level as a factor in the myopic progression in individuals 
aged 20-40. Some specific questions this study will attempt to answer are 1) Is there in 
fact a tendency for myopic to progress in the "adult" years? 2) Is there a significant 
difference in the rates of myopic progression between the ages 20-30 and 30-40? 3) Is 
there a correlation between increased level of education and increased myopic 
progression? Subjects will be carefully selected according to the criteria discussed in the 
"Methods" section of this paper in order to isolate several potential contaminating factors 
in this study. 
Implications 
By answering the questions listed above, this study will provide insight into the 
myopic progression of adults. The results could be significant in the clinical management 
of potential refractive surgery patients. Refractive Surgeons as well as referring 
Optometrists need to consider potential refractive changes (age of patient, occupation, 
level of education (present and future), sex, etc.) to determine the best post-surgical 
refractive error for each individual patient. Additionally, these factors must be taken into 
account to determine a good surgical candidate vs. a poor one. Furthermore, if the results 
of this study support the near-point stress theory of myopia and show a significant 
increase in myopic progression with increased education, it may be extrapolated that 
myopic progression extends much further into adulthood for those of higher education 
levels than previously presented. 
Methods 
This retrospective study involves the evaluation of myopic progression between 
the ages of 20 and 40. A total of 49 patient records were analyzed from Pacific 
University college of optometry. There were no RGP/P:M:MA wearers among this group, 
as corneal curvature changes secondary to rigid lens wear could contaminate the study. 
The subjects were divided into a 20-30 age range and a 30-40 age range, based upon age 
at the initial presentation. The study used 31 subjects in the 20-30 age range and 18 
subjects in the 30-40 age range. The rate of myopia progression is then divided into two 
categories: the first being a high school graduate, and the second being at least a college 
student. The study then contained 20 high school graduates and 29 subjects in the 
college student category. 
All subjects had three refractive exams in their records separated by at least a year. 
Every subject began the study with zero to eight diopters of equivalent sphere myopia, 
with astigmatic corrections were converted into spherical equivalents. Since the 
refractions were not performed on exactly a yearly basis, the average dioptric change per 
year was calculated by dividing the dioptric change per exam by the number of years 
between each refractive exam. These results were then compiled into a database so that 
all of the average dioptric changes could be added together and divided by the number of 
subjects involved during that time span. The total average dioptric change between 20-30 
and 30-40 years of age was calculated as the sum of the average yearly progression. The 
data was used then used to analyze the rate of myopia progression between college 
students and high school graduate. The database was designed so that the results can 
compare myopic progression between men and women as well. 
Results 
This study did show an increase in myopia in the 20-30 year and 30-40 year age 
groups. The total average myopic progression of subjects between 20-30 years of was 
age -0.796 diopters (D). The average myopic progression of subjects between 30-40 
years of age was -1.145 D. Yearly averages of myopia increase were -0.080 for 20-30 
year olds and -0.115 for 30-40 year olds. These yearly averages varied substantially 
however, as noted by the large standard deviations (S.D.) of 0.108 and 0.168 respectively. 
Both of these findings differ significantly from zero at the 0.05 level, t(9)=2.335 and 
t(9)=2.151 respectively. 
Males progressed a total average of -0.265 D between 20-30 and females 
progressed an average of -1.194 D during the same age range. During this age range the 
average myopic change per year was found to be -0.027 D/yr., S.D. =0.167 D for males 
and -0.119 D/yr., S.D.=0.223 D for females. In the 30-40 year age group, males 
progressed in myopia by an average of -0.793 D and females progressed by an average of 
-0.958 D. Per year the males progressed -0.079 D/yr., S.D.=0.172 D and females 
progressed -0.106 D/yr., S.D.=0.248 D. 
The total sample population was also divided into high school graduate and 
college student categories. In the 20-30 age group, those in college progressed an average 
of -1.009 D with a yearly average of -0.101 D/yr., S.D.=O.l68 D. The high school 
graduate portion of the 20-30 age group progressed an average of -0.023 D with a yearly 
average of -0.023 D/yr., S.D.=0.084 D. The 30-40 year age range showed a myopic 
progression of -0.610 D with a yearly average of -0.068 D/yr., S.D.=0.103 D for the 
college student group. While the high school graduate group in the 30-40 year old age 
range progressed -1.161 D for a yearly average of -0.116 D/yr., S.D.=0.198. 
The myopic progression of each group and the individuals within each group were 
also analyzed using a chi-square analysis of variance test to determine if any of the 
groups' myopic progression differed significantly from the others. Any individual who 
changed at least -0.50 D in myopia from their first to last exam within the 20-40 age 
range was considered to have progressed significantly in myopia for the purposes of this 
study. 
First, males and females were compared. 4 out of 22 males and 11 out of 27 
females increased in myopia by at least -0.50 D. Based on the expectation that 31% of 
the study population would progress and that 61% would not, a chi-square test value of 
2.89(1) was calculated. This figure is not statistically significant at the p=0.05 level. The 
college student and high school graduates were also compared and resulted in a chi-
square test statistic of 0.501(1). This figure was not statistically significant at the p=0.05 
level. Males and females in the college student and high school graduate groups were 
also analyzed using the chi-square test and gave a test statistic of 4.126(3). This value 
was not statistically significant at the p=0.05 level. 
Discussion 
The study by Dennehy and Heetland that preceded this study showed statistically 
significant myopic progression in the 20-40 year population at the O.Ollevel. They did 
not demonstrate a significant difference between males and females. This study also 
found myopic progression in the 20-40 year olds, but only at the 0.05 level. Thus 
substantiating the hypothesis that myopia can continue to progress beyond the age of 
twenty and even into an individuals thirties. The reduced level of significance in the 
current study could be attributed to the difference in populations studied. This study used 
examinations performed in an educational institution where, in most cases, each patient 
had a refraction performed by a different student intern. This could account for at least 
some of the rather large standard deviations found for the averages of myopia 
progression. The previous study used examination data from a private practice where 
inter-examiner variability would be less of a problem because one examiner likely 
performed the majority of the refractions. 
In concurrence with the previous study, myopia progression does not appear to be 
significantly different between males and females. The data would lead the layperson to 
believe that a higher percentage of females progressed in myopia than males, but a chi-
square test did not show this difference to be statistically significant to the 0.05 level. 
Nearpoint stress has been implicated in the progression of myopia by vision 
researchers for years. The population was divided into two groups based on their level of 
nearpoint visual stress (college student vs. high school graduate) as described previously. 
However, the data of this study does not support this hypothesis. Although in the 20-30 
age group those in the nearpoint stress group progressed more in myopia than those in the 
non-nearpoint stress group, the difference in the incidence of myopia progression was not 
statistically different between the two groups or from the population average. The same 
was true in the 30-40 year old group. The incidence of myopia progression was not 
statistically different between the stress and non-stress groups. 
The last piece of information evaluated in this study was whether or not nearpoint 
stress affects men differently than it affects women. Again, even though it appears that a 
higher percentage of women in the nearpoint stress group progressed in myopia, the chi-
square test value of 4.126(3) is not statistically significant from the population average. 
These data imply that, in the 20-40 year age group, gender does not affect the 
likelihood of myopia progression. It also implies that, in the same age group, nearpoint 
stress does not induce a greater increase in myopia than a similar group without nearpoint 
stress. We do realize that we have taken the liberty of making certain assumptions about 
the study population. We have assumed that college educated individuals undergo more 
nearpoint stress in their various careers than those who were not college educated. We 
realize that this is not always true. Further detail in differentiating between careers with 
and without nearpoint stress is probably necessary to elicit nearpoint stress-induced 
myopia progression. 
Forty-nine individuals were followed with at least twenty in each comparison 
group. These numbers were sufficient for our purposes, but a larger study group would 
be desired in order to increase the validity of the findings. The value used to determine 
"significant" myopia progression (-0.50) was chosen somewhat arbitrarily but does 
provide a benchmark for refractive error change for the chi-square analysis. Time 
between exams was not uniform from one patient to the next, however. While the 
difference between some patients' first and last exams was only 2 years, others had gaps 
of up to twelve years. Those with more time between exams obviously had more time to 
progress the necessary -0.50 D of myopia. Also, many of our nearpoint stress population 
were optometry students who had much more regular eye exams and therefore had less 
time to demonstrate the required progression in myopia. A more diverse population, such 
as that in a private practice, would help remedy this problem and would likely give more 
reliable data. 
Although we recognize the limitations of this study, the data do agree with the 
findings from the Dennehy/Heetland study. We also reiterate that occupation, race, along 
with periodic axial length measurements and keratometry readings should be considered 
to aid in pinpointing the precise mechanism of myopic progression throughout the adult 
years. 
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APPENDIX A 
(RAW DATA) 
Table 1: Average myopia at first exam 
Men 2o-30 Men 30-40 Women20-30 Women30-40 NP2o-30 NP30-40 NoNP 2o-30 NoNP30-40 
-2.37 -3.37 -o.37 -8.37 -2.37 -2.5 -0.12 -3.37 
-2.37 -3.87 0.25 -5.5 -2.37 -2.5 -0.25 -3.87 
-4.37 -2.5 -1.25 -o.5 -4.37 -o.5 -3.75 -8.37 
-4.75 -2.5 -1 -o.75 -4.75 -o.75 -4.12 -5.5 
-3 -5.5 -0.12 -3.25 -o.37 -5.25 -1.62 -5.5 
-3.37 -4.62 -0.25 -3 0.25 -5.25 ·3.25 ·4.62 
·0.87 -5.25 -2.12 -o.75 ·1.25 -7.75 -1.37 ·3.25 
-0.75 -5.25 ·2.75 -1 ·1 -7.75 -1.25 -3 
-1.62 ·7.75 ·3.75 ·1 ·3 -2 -3.75 -0.75 
-3.25 -7.75 -4.12 -o.5 ·3.37 -1.75 -3.5 ·1 
-5.25 -5.37 ·1.37 -0.87 -2.37 -5.37 
·5.25 -5.25 -1.25 -0.75 -2.37 ·5.25 
-3.75 ·2 -2.37 ·2.12 ·0.37 -1 
-3.87 -1.75 ·2.37 -2.75 -1.25 ·0.5 
-0.5 ·4.62 -5.25 -3.37 
-0.5 -4.75 -5.25 ·2.75 
·3.75 ·0.37 -3.75 ·1.75 
·3.5 ·1.25 -3.87 ·1.75 
·1.62 -2.87 -o.5 -0.87 
·1.12 -3.12 ·0.5 ·1 
·3.37 -5 ·1.62 -1.37 
·2.75 ·4.62 ·1.12 -o.87 
·1.75 ·3.37 -4.62 -6.75 
-1.75 ·3.37 -4.75 -6.75 
·1.25 ·0.87 -2.87 ·1.75 
-1.37 ·1 -3.12 ·1.25 
-4.25 ·3.25 -5 
-3.87 ·3.12 ·4.62 
·3.5 ·1.87 -3.37 
·3.5 ·2.5 -3.37 
·1.37 ·3.25 
-o.87 -3.12 
·6.75 -1.87 
-6.75 -2.5 
·1.75 ·1.25 
-0.75 ·1.37 
-o.75 -1.75 
-o.75 -o.75 
·1.75 ·0.75 
·1.25 -o.75 
-1 ·4.25 
·1.12 ·3.87 
-o.37 -3.5 
·0.5 -3.5 
·1 
·1.12 
Average .0.37 
spherical -o.5 
myopia at age 
of first exam: -2.77 -4.48 ·2.15 -2.46 ·2.46 -3.60 -2.29 -3.67 
St Deviation: 1.41 1.92 1.72 2.64 1.57 2.71 1.74 2.30 
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Table 3: AVERAGE MYOPIC PROGRESSION BY AGE GENDER AND NEARPOINT STRESS LEVEL 
AGE-·-> 20-21 21·22 22·23 23-24 24-26 25-26 26-27 27·26 28-29 29-30 Sum Ave S.D. s.E. I p 
Averagedi- .0.152 0.072 ·0.164 0.035 0.003 ·0.17 ·0.229 
change per year. 
·0.146 0.017 .0.041 ·0.796 ·0.08 0.108 0.034 2.335 0.05 
Chang.pe o.a7 .0.138 ·0.311 0.116 0.106 .0.167 .0.118 0.027 ·0.025 ·0.025 .0.265 ..().027 0.167 0.053 0.502 NS 
(malt~ 
Chang.pe .0.574 0.282 ..().058 ..().047 .0.092 .0.173 ·0.302 .0.211 0.024 .0.0« ·1.164 .0.118 0.223 0.071 1.681 NS 
(lll!llle): 
Chlngepe .0.288 0.21<4 ..().246 0.054 .0.007 ·0.236 ·0.193 ..().243 0.033 ·0.093 ·1.00!1 .0.101 0.168 0.053 1.902 0.05 
(Nellplllnltl ..... Q!OUP): 
Chlngepe 0.123 ..().141 0.066 ..().023 0.025 .0.083 ·0.139 .0.03 0.006 .0.031 .0.227 ·0.023 0.064 0.027 o.858 NS 
(NOII-nearpoil\1 stress group): 
AGE-> 30-31 31·32 32·33 33·34 34·35 35-36 38-37 37·38 38-39 39-40 Sum Ave S.D. S.E. I p 
Average dl· .0.067 ..().075 0.005 .0.067 .0.106 .0.007 0 0.004 ·0.332 ·0.5 ·1.145 .0.115 0.168 0.053 2.151 0.05 
change per year. 
chtnge pet .0.136 .0.136 0.175 -0.03 -0.052 0.006 ·0.004 ·0.05 ·0.063 .0.5 ·0.793 .0.078 0.172 0.054 1.46 NS 
(mile): 
Chlngepe .0.032 .0.054 ..0.043 ·0.074 .0.139 .0.033 0.013 0.141 .0.736 no date .0.958 .0.106 0.248 0.078 1.368 NS 
(female): 
Changepe .0.125 ·0.125 0.168 .0.125 ·0.125 ·0.031 ·0.052 -0.073 ·0.141 no data .0.81 .0.088 0.103 0.033 2.074 0.05 
(Nearpoint Slt'eSI Q!OIIp): 
Changepe .0.031 .0.059 ·0.047 .0.058 .0.104 0.004 0.03 0.063 .0.46 ·0.5 ·1.181 ·0.116 0.196 0.063 1.657 0.05 
(Non-nearpolnl str ... gn:>up): 
